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Global primary plastic production in million metric tons (Mt)

-
In 2019 alone, we

N produced 465 Mt
\

p
In 1950, the world

was still plastic free
)

A mountain of plastic:

10.1 billion metric tons
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How much is 10.1 billion metric tons?

100,000,000

1,000,000 SOURCE:
Roland Geyer (UCSB)



Production, Use & Fate of All Plastic Ever Made
(1950-2019) RALHLUETY
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PLASTIC WASTE GEMNERATION

U.S. PLASTIC WASTE GENERATION

N,
g ‘-
H' ’ = Table 1. Countries with the highest plastic waste generation in 2018, Calculations using data reported in (18], with a refined estimate for the United States
‘ . i {bold text). EU-28 countries are reported collectively (italics)
- ke ' - GEHERATED Plastic waste Total waste 8% Plastic In 2018 Lathon Par capita plastic
% J Yy PLASTIC WASTE Country generation generation k=i m: Sons) wakte generation

: [metric toms) |martric tons| (g ywar)
gk i ,r';

i ] L"" ,,_; . 4 3% MMT United States 42,027,215 320,818,436 13.1 3.0 130.09
. 3 I L]

‘ - United States 34,020, 748 253,725,732 129 3231 105,30
; =ik o A OF WORLD'S Fl-28 20.890, 143 243, 7IT A6 nz 5112 54.56
L ) o india 26,327,933 277,136,133 95 13245 19.88
Y Y T-‘ China 21,5599 465 420403 TD 9.8 13787 1567
- ¥ - Braril 10675 9850 79081401 1358 2062 s.7a
: w gg-r e - ) Indonesia 9,128,000 5, 200,000 14.0 616 34.90
. A . . In 2016, the United States generated Russian Federation BA67,156 59,585,699 142 1443 56.66
T . [ : : Germa 6,681,412 51,410,863 130 B3 BL16
L more plastic waste than any country in the ""

" Linsted Kingdom 6,471 650 3203781 202 656 SE.66
o ¥ world, with a total of 42 MMT (Law et al. Mexico 5,902,490 54,151,287 109 1233 4785
= . . . Japan 4,881,161 £4,374,189 1.0 127.0 18,44
2 Ei plE 2020). However, the United States only has il PR e il - i
AN 4.3% of the world's population (World Bank oren. hep AR et 243 na e
;::1-1;: [ — . . Raly 3,365,130 29,009,742 1.6 606 55.51
aentn U : 2021). U.S. per capita plastic waste Egypt. Arab Rep 1,037,675 23,366,729 120 54.4 1216

l:--‘ ) - ¥ . - r - Lo A r b a .
i generation is 130 kg/year, which is about b prove i o e —
- : ; Pakistan 2,731 768 B0 352981 90 203 6 1342
"o | 2-8 times higher than many other Argentina 2656.771 18184606 146 a6 6095
,I h | - Algeris 2,092,007 12378, 740 168 &0 & 51.59

- countries (Law et al. 2020).

e Makaysia 2 58, 500 13,721,342 15.0 30.7 6709
o ] ¥ Spain 1,832,533 20,361 483 2.0 6.5 1942
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Water Air Soil Pollut (2011) 220:365-372
DOI 10.1007/s11270-011-0760-6

Distribution and Degradation of
Particles Along the Beaches of L

Maciej Zbyszewski - Patricia L. Corcoran

Zbyszewskiet al., 2014
J. Great Lakes Res.




] Food-related
B Smoking-related ﬁ/"‘"‘ll-.e
(i Waterway activities A
~ IAGLR

EEEE Dumping activities .
A Medical/Personal o | l l

[ Other ;/mw—dwn‘ﬂ"m
Wich
Abundance anc — ron5 Lake e 400N
Michigan beacl ) - collection
Timothy |. Hoellein E - -4 5°0°0"N
* Dot menst of Blabogy, Loyala U e
,_: 11--* » O -.T'.;J.:: f.'t s
= A o S Gl Lok 11 E_
E ~44°00"N
I_E Michigan
| -
a -~
3 Lake Michigan 435070 N
20
=4 2°0'0"M
D T | I I |
i
a F'n":' I.T::'-!:"H ﬁ.?ﬁ'@ -;:,E-?" | Minois Indiana i 100"
"-':- L
ot et “’lﬁ' "ﬁ:"%"ﬂ.ﬂ':a':g 03060 120 180 240
[ - - e—
Kilomeiers
Beaches BEOUW  BTCO0TW  BECO0MW  B500W




R Legend
@ T o 0@
~\ i 7

e

ot y, = J <1000 <10,000 <100,000 <500,000 >500,000
Q ‘o@f}b

// - > r

Pieces of Plastic Collected per County/District

Canada

ICC data

(2016 — 2018)

United States

SOURCE:
Earn et al. (2020)



SG?LS ;;ﬂ? @ 2019 “Dirty Dozen” ‘“Jv; .09 Q
L,,f pup 12 Most Common Litter Items = O,W‘iog
_ g géo j: V/O ; O@ /
1. Cigarette Butts 686,055 | vicasue § 2e) Q %
2. Tiny Plastic or Foam 595,227 ol
3. Food Wrappers 74,224
4. Bottle Caps 51,992
5. Paper Materials 63,371
6. Plastic Bags 31,164
7. Beverage Cans 28,192
8. Plastic Bottles 26,212
9, Straws 26,157
10. Other Packaging 22,470
1. Foam 24.213
12. Coffee Cups 17,170

https://www.shorelinecleanup.ca/impact-visualized-data






SOURCES: Earn et al., 2020;
Cox et al., 2021
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Average Plastic Abundances
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Land cover
|ake Superior o - Open water
{;44"454 |: Developed, cpen and low intensity
Ay
4 - Developed, medium and high intensity
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£ National boundar
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\Sﬁ > ——  Watershed boundary
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SOURCE:
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Concentration, in particles

per square kilometer

10.000.000]  Collected using similar methods and mesh size
| and analyzed by the same lab
1,000,000+
120,000
100,000
13,660 13,430
10,200 2
10,000- | |
7950 3,540 |
| |
1,000
n=8 5 8 22 23 59
Huron* Supelriur* Erie* Dnt;ric:& Er;e& Michliganﬁ 29 Great Lake

*Eriksen et al., 2013; 4Mason et al., 2020; *Mason et al., 2016; *Baldwin et al., 2016

Tributaries”




Percent of Total

Eriksen et al., 2013

Mason et al., 2016

Mason et al., 2020

Baldwin et al., 2016
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Eriksen et al., 2013 Mason et al., 2016 Mason et al., 2020 Baldwin et al., 2016
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Milwaukee River Basin
Lenaker et al., 2019
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Milwaukee River Basin
Lenaker et al., 2019

\

WQSP: Water Quality Sensor Package
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Plastic type:
] Fragment
[1 Pellet/bead
L1 Fiber/line
L1 Film
B Foam

Polymers density Polymers density
(<1.1 gcm) (>1.1 gcm™)

Sum of estimated
fraction of total

]  — T T
Water Water Sediment Water Water
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BT Lake Sediment Concentrations
i Lenaker et al., 2021

Plastic type
Units: p kg’
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» McNeish et al. (2018) » Athey et al. (2020)

% 97-100% of particles ** 91% of particles
+** 10 fish taxa *¢* Rainbow smelt
+** L. Michigan watersheds +¢* L. Huron and L. Ontario

—@- Largemouth bass SOURCE: Hou et al. (2021)

=/ Sand shiner
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—~ Round goby l

Microplastic concentration (no. particles/fish)
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SOURCE: Peller et al. (2021)







Ie“ce & ec "u ﬂuu & Cite This: Environ. Sd. Technol. 2019, 53, 7068-7074 pubs.acs.org/est

Human Consumption of Microplastics

Kieran D. Cox,*"*%® (Ga How We Eat, Drink and Breathe Microplastics ' Francis Juanes,'

Bottled
: water™™* ekl
Department of Biology, Unive Beer™ _ 3297

i . . - ‘ ]
Hakai Institute, Calvert Islanc e [ 20

“Fisheries and Oceans Canada, , anada
| Tap water . 4.24

Seafood™™** I 1.48 : ; : ;
Estimated annual microplastic particles consumed

per person (including via inhalation)

sugar” [ 0.44 Between 74,000 and 121,000

sk MNote from source: "These estimates are subject to
Salt 0.11 large amounts of variation" and are
likely underestimates
Honey™ | 0.10
Based on 1 stu
Bas &7
%k ke ased on |4_ as
@ ® @ Source: 'Human Consumption of Microplastics', Cox et al

statista %a

@statistacharts N Environmental Science & Technology (2019)




How We Eat, Drink and Breathe Microplastics

Average number of microplastic particles found per gram/liter/m? of selected consumables
b
air [ o-50
Tap water’ . 4.24

Seafood™™"* I 1.48 : . . .
Estimated annual microplastic particles consumed

per person (including via inhalation)

Between 74,000 and 121, 000

MNote from source: ||~r-—* imates are : ||| ject

Salt™ | 0.11 large an f.L-II of variation" and are

Nlikely unt |:--:| estimates

Sugar’ | 0.44

Honey™ | 0.10

Based on 1 st
o Based on 2 studie
S Based on 3 studies
Exks. B j-l:l_i on 4 _'Ei_.-iiiEE-
kk%%% Based on 14 studies

@ @ @ Source: "Human Consumption of Micr u; , Cox et al. .
statista %a

@statistacharts iN Environmental Science & Technology (2 'II 3)




SOURCES

Mismanaged Waste Industrial Textile In-Use Product
(Litter)

PATHWAYS

Runoff Treated or
(e.g., Urban, Untreated
Ag, Industrial) Wastewater

Direct Input
Deposition

SOURCE: Chelsea Rochman, Oceanography, December 2020



Knowledge Gaps
» Understand Major Pathways

o atmospheric deposition
O stormwater vs. wastewater
o mass-balance models

» Address Environmental Compartments with Little Data
O air
o biota

» Degradation Kinetics

o macro (land) 2 micro (water) ?
o biodegradable alternatives (e.g. PLA)

» Ecological Impact

o bioaccumulation
o human health



Thank You! |

THE BURNINGRIVER
FOUNDATION

EXPLORATION

exploration - education - conservation
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In a first, microplastics found in human e o i
poop Environment p Climate crisis Wildlife Energy Pollution Green light

As microplastics permeate remote places and species around the globe, people are no Plastics WAL TR G e el

exception. Microplastics revealed in the placentas
of unborn babies

Health impact is unknown but scientists say particles may cause
long-term damage to foetuses

Damian Carrington
Environment editor

w@dpcarrington

Smuthsonian

MAGAKINE

Baby Poo Has Ten Times More Microplastics
Than Adult Feces

The small pilot study included fecal samples from ten adults and six infants in New York state

Elizabeth Gamillo One charity said: 'Babies are being born pre-polluted. Photograpt Images/istockphoto
Dailv Correspondent licroplastic pa e as of 'n babies
ally e
for the first time, which the researchers said was “a matter of great concern”.

September 28, 2021
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Known Human Health Impacts
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Q Sperm Count Zero

Sperm Count Zero
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increasingly infertile, so much so that within a generation we may lose the ability to

les: We've become

A strange thing has happened to men over the past few

reproduce entirely. What's causing this mysterious drop in sperm counts—and is

there any way to reverse it before it's too late?
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SOURCE:
Mason et al. (2016)

WWTP

> 4 million
particles/day

Land cover

Lake Superior Open water
Developed, open and low intensity
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National boundary
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WWTP Agric Urban Lake
Grbic et al., 2020 Water Research




Global plastic
production by industry

in millions of tons

NATIONAL
GEOGRAPHIC

Jason Treat & Ryan T. Williams, National Geographic
Source: Roland Geyer, University of California, Santa Barbara
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